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Details 



1. Title of Invention 

Electro-luminescence Device 

2. Area of Claims 

1 . Electro-luminescence device which is characterized by the fact that 

- it is equipped with luminescence layer which emits light in response to application of 
alternate current electric field on high dielectric sintered ceramic substrate, on which 
films can be formed, and 
- luminescence layer and ceramic substrate are sandwiched between a pair of electrodes. 

2. Electro-luminescence device of claim 1, where substrate is made of sintered barium 
titanate. 

3. Detail Explanation of Invention 

This invention relates to the structure of EL (Electro-Luminescence) device which 
emits light on application of alternate current electric field. 

In the past, triple layered ZnS:Mn (or ZnSe:Mn) EL device, where semiconductor 
luminescence layer, of such material as ZnS, ZnSe doped with 0.1 ~ 2.0 wt % Mn (or 
Cu, Al, Br etc.), is sandwiched between dielectric thin films of such materials as Y 2 0 3 
or Ti0 2 , has been developed. Purpose of doping is to improve voltage resistance, 
luminescence efficiency and stability when high electric field (in the order of 10 6 v/cm) 
is regularly applied. Effort has been made to improve luminescence characteristics of 
such device which emits very bright luminescence and has long life. 



As an example, basic structure of ZnS:Mn thin film EL device is shown in Fig. 1 . 
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Multi-layered structure of thin film EL device is explained using Fig. 1. Transparent 
electrode 2 made of such material as ln 2 0 3 , Sn0 2 is laid on glass substrate 1, and 
transparent electrode 2 made of such material as Y 2 0 3 is laid over. First dielectric 
layer 3, made of such material as Y 2 0 3 , Ti0 2 , A1 2 0 2 Si 3 N 4 , Sn0 2) is formed over this, 
either by sputtering or by electron beam vapour deposition method. ZnS luminescence 
layer 4, which is formed by depositing ZnS:Mn sintered pellet by electron beam vapour 
deposition method, is formed on first dielectric layer 3. Here, composition of sintered 
ZnS:Mn pellet used is adjusted so that concentration of activating substance, Mn, is 
adjusted to be most suitable for the purpose. First dielectric layer 3 and second 
dielectric layer 5, also made of similar material, cover ZnS luminescence layer 4. 
Rear electrode 6 made of such material as Al, is vapour deposited. Transparent 
electrode 2 and rear electrode 6 are connected to alternate current electrical source 7 to 
drive thin film EL device. 

When AC voltage is applied across electrodes 2 and 6, AC voltage will be induced 
across dielectric layers 3 and 5, which are formed on both sides of ZnS luminescence 
layer. Electrons, which are excited and accelerated to gain sufficient energy by 
electric field generated in ZnS luminescence layer 4, excite Mn luminescence centers 
directly. When excited Mn luminescence center returns to ground state, it emits 
yellowish orange light. In other words, electrons accelerated in high electric field 
excite Mn atoms contained in Zn site. Mn is luminescence center of ZnS 
luminescence layer 4. When excited electrons of Mn return to ground state, strong 
light in wide wave length range, with 5850A as approximate peak, is emitted. When 
any rare earth fluoride is used, instead of Mn, green light or other colors specific to 
particular rare earth element is obtained. 

Thin film EL device with structure described above can be used, taking advantage of 
space factor, as flat thin film display device of computer terminal display device or as 
many other display means of characters, symbols, and still and moving pictures. 

Thin film EL device described above is also called thin film EL device with double 
insulator film structure. There is also flexible organic EL device, where flexible 
substrate is used, which emits light when driven AC current in similar way. 

However, in EL device in the past, dielectric constant of dielectric layers, which 
sandwich luminescence layer is small (3 ~ 10). Therefore, very high externally 
applied voltage of 100 ~ 200v (wave height value) must be applied on luminescence 
layer in order to maintain effective electric field strength (about 10 6 v/cm). Also, 
considering insulator break down voltage, safe (voltage resistance) margin cannot be 
adequately secured. These were obstacles against practical applications of such EL 
device. 

EL device is structured that transparent electrode 2, dielectric layers 3 and 5, 
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luminescence layer 4, and rear electrode 6 are laid, one over another in multi-layer, on 
glass substrate 1 . There are many such steps as vapour deposition steps and it requires, 
very cumbersome manufacturing process. 

Taking these problems into consideration, objective of this invention was to offer EL 
device which can be driven at low voltage, with adequate voltage resistance margin, and 
has structure simple to manufacture. 

Embodiment of this invention will be explained using figures. 

Figure 2 shows basic structure of EL device in this application example. 

Barium titanate (BaTi0 3 ), with specific dielectric constant of e = 2,800, is used as high 
dielectric ceramic substrate 8 of thickness 0.05 ~ 1.0 mm. Similar to that in Fig. 1, 
luminescence layer 9, made of ZnS doped with Mn as luminescence center, is formed 
on ceramic substrate 8 to thickness of 0.2 ~ 2.0 jam by vacuum vapour deposition 
method or by sputtering method. On luminescence layer 9, transparent conductive 
film (ln 2 0 3 + Sn0 2 or ITO film), composed mainly of indium oxide with surface 
resistance of 10 ~ 100 Q is laid to make transparent electrode 10. Thin metal film, 
such as Al or carbon film, is vapour deposited on rear side of ceramic substrate 8 to 
form rear electrode 11. Very bright and stable EL light is emitted when alternate 
current voltage is applied, via electrode terminals, across rear electrode 11 and 
transparent electrode 10. Voltage of 20 ~ 50 V (wave height) is sufficient and alternate 
current of 50 ~ 400 Hz may be used. 

Figure 3 shows characteristic curve of relationship between applied voltage (wave 
height) and brightness when thin film EL device shown in Fig. 2 is driven by alternate 
current of 200 Hz. 

Luminescence efficiency of EL device of this invention is very high and 2-3 
lumen/watt. It has superior properties; it can be driven by such low voltage as 25 ~ 50 
v, safety margin against insulator breakdown is high since dielectric layer next to 
luminescence layer is made of sintered high dielectric material, and device has long life. 
Applications in varieties of areas are expected. 

Ceramic substrate, which is placed between luminescence layer and rear electrode, acts 
as dielectric layer when electric induction field is applied to luminescence layer. It 
also plays a role of substrate where luminescence layer is vapour deposited. Therefore, 
number of vapour deposition steps is largely reduced and manufacturing process is 
simplified. Device is suitable for mass production, and EL device with stable 
characteristics and highly reliable can be produced. 

In above example, such insulation layer as Y 2 0 3 , A1 2 0 2 , Si 3 N 4 , Sn0 2 , Ti0 2 , may be 
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sandwiched between luminescence layer 9 and transparent electrode 10, and EL device 
has double insulating film structure. 

4. Brief Explanation of Figures 

Figure 1 shows structure of thin film EL device of the past, 

Figure 2 shows major structure component of EL device of this invention in one 
application example, 

Figure 3 is characteristics of EL device shown in Fig. 2 showing relation between 
applied voltage and brightness of emitted light. 

8 . . . ceramic substrate 

9 . . . luminescence layer, 
10... transparent electrode, 
11... rear electrode 
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